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Figure 1 Partial revision of the Y-chromosome phylogeny pre-
sented by Underhill et al. (2000), indicating the placement of M242
relative to other Y-chromosome polymorphisms in haplogroups IXand
X, arising in central Asia and the Americas. As can be seen, M242
arises during a crucial gap between M45/M74—which both arose in
Asia—and M3, which ﬁrst arose in the Americas.
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A Novel Y-Chromosome Variant Puts an Upper Limit
on the Timing of First Entry into the Americas
To the Editor:
The Americas were the last continents to be settled by
humans, yet many details of the earliest occupation
remain poorly understood. Proposals for the date of
ﬁrst entry fall into two ranges, one suggesting a very
early occupation ∼30,000–40,000 years before present
(BP), and the other favoring dates ∼13,000 years BP,
when the polar climate was again hospitable. We pre-
sent Y-chromosomal data that support strongly the lat-
ter dates.
Recent activity in archeology has prompted a reinter-
pretation of the economy and culture of the earliest
Americans (Dillehay 2000). Although this has revolu-
tionized thinking about American prehistory, it has not
pushed dates for the earliest human entry substantially
backward in time. Indeed, the paucity of sites and skel-
etal material credibly dated to 114,000 years BP has been
a consistent puzzle for those who would posit an ex-
tremely ancient history of human occupation in the
Americas.
Only two Y-chromosome haplotypes seem to have
reached the Americas from Asia before colonial contacts
began in the 15th century. The most frequent haplo-
type—reaching a frequency of 100% in some popula-
tions—was identiﬁed by hypervariable markers (Pena et
al. 1995) and was later conﬁrmed by the discovery of
two SNPs known as “M3” and “M45” (Underhill et al.
1996, 2000). A second haplotype, marked by a nucle-
otide substitution in the RPS4Y gene, was subsequently
discovered at lower frequencies (Bergen et al. 1999), pre-
sumably reaching the Americas more recently. This pat-
tern of limited haplotype diversity has also been ob-
served in mtDNA (Torroni et al. 1994).
Putting a date on the earliest human entry into the
continent has been hampered by the absence of a known
mutation occurring before—but very close to—the time
that the resulting haplotype entered the Americas. The
M3/DYS199 polymorphism occurred after the ﬁrst pop-
ulations entered the Americas (Underhill et al. 1996), so
knowing when it arose would not put an upper bound
on the time of ﬁrst colonization. Here, we describe a
novel Y-chromosome SNP that can be reliably dated and
that occurred before—but sufﬁciently close in time
to—the initial human radiation into the Americas, so as
to provide a meaningful upper bound on the time of
entry.
The polymorphism, which we call “M242” in the
framework established by Underhill et al. (2000) (dbSNP
accession number ss9805824), is a CrT transition re-
siding in intron 1 (IVS-866) of the DBY gene. TheM242-
T allele is found only on chromosomes bearing the de-
rived alleles at M45 and M74 (ﬁg. 1). In addition, the
derived allele (M242-T) is found on every chromosome
bearing the M3 mutation, but not exclusively. Thus, as
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Table 1
Frequency of M242 in 49 Populations Examined
Population N Frequency of M242
Svanetian 25 0
British 25 0
Kazbegi 25 0
Orkney 26 0
Ishkashimi 25 0
Tajik/Khojant 22 0
Kyrgyz 52 .02
Lezgi 12 0
Kazak 54 .06
Nenets 54 0
Sinte Romani 15 0
Pomor 28 0
Tehran 24 0
Russian/North 49 0
Kallar 84 .01
Lebanon 50 0
Azeri 21 0
Ossetian 17 0
Shiraz 12 .08
Bartangi 30 .13
Kurd 17 0
Korean 45 .02
Saami 23 0
Yagnobi 31 .03
Sourashtran 46 0
Esfahan 16 .06
Russian/Tashkent 89 0
Turkmen 30 .1
Armenian 47 0
Dungan 40 .08
Tajik/Dushanbe 16 0
Tuvinian 42 .17
Crimean Tatar 22 0
Iranian/Samarkand 53 0
Uzbek/Kashkadarya 19 .05
Shugnan 44 .11
Uzbek/Bukhara 58 .02
Uzbek/Surkhandarya 68 .04
Yadhava 129 .03
Kazan Tatar 38 .03
Tajik/Samarkand 40 .05
Uighur 41 .05
Uzbek/Khorezm 70 .09
Uzbek/Tashkent 43 .14
Arab/Bukhara 42 .14
Karakalpak 44 0
Uzbek/Fergana Valley 63 .05
Uzbek/Samarkand 45 .07
Mongolian 24 0
NOTE.—Further details of samples and Y-chro-
mosome typing are available in Wells et al. (2001).
shown in ﬁgure 1, the M242 mutation arose after the
M45/M74 mutations but before M3. This places it
within a crucial gap that is very close in time to the entry
of the ﬁrst modern humans into the American conti-
nents. In the standard nomenclatural system of the Y
Chromosome Consortium (2002), chromosomes bear-
ing this polymorphism would be denoted as Q* in the
absence of the Qa-deﬁning mutation. The derived allele
of M242 occurs at a frequency of 100% in indigenous
Y chromosomes that do not carry the RPS4Y mutation
(Bortolini et al. 2003 [in this issue]; P.U., unpublished
data). It also occurs at a low but appreciable frequency
(0%–17%; average ∼5%) in central Asian, Indian, and
Siberian populations (table 1). On the basis of its wide-
spread Eurasian distribution and its position within the
Y-chromosome phylogeny (ﬁg. 1), it is clear that the
M242 mutation occurred before the ﬁrst migration into
the Americas. Thus, determining its age in Asian pop-
ulations will establish the earliest time at which the ﬁrst
migrants could have reached the Americas.
We applied several approaches to dating this mutation
in 69 Eurasian samples—out of a total 1,935 individuals
tested—observed to have the M242-T allele (table 2 and
Wells et al. 2001). These methods are based on the ac-
cumulation of variation at 15 microsatellite loci. One
approach is a widely used, model-based technique (Su
et al. 1999), which was corroborated independently by
a technique less dependent on assumptions about a pop-
ulation’s demographic history (Stumpf and Goldstein
2001). Guided by the original description of the method
(Su et al. 1999), the initial effective population size (Ne)
for the Asian male population was assumed to fall be-
tween a low of 1,111 and a high of 1,500. If a Y-chro-
mosome microsatellite mutation rate of 0.18% and a
human generation time (g) of 25 years are used, this
leads to an estimate of 9,200–9,700 years BP, when the
average variance across all microsatellite loci is taken
(0.589). Although a male generation time of 25 years is
frequently assumed, there is now compelling evidence
that the male generation time—at least within modern
times—is closer to 32 or 35 years (Tremblay and Vezina
2000; Helgason et al. 2003). When a generation time of
35 years is applied, the age estimates range from 13,000
to 14,000 years BP (table 3). As can be seen from the
table, the estimates of effective population size have a
relatively minor effect on age estimates, whereas mu-
tation rates have a somewhat greater impact. A solid
consensus regarding an average Y-chromosome micro-
satellite mutation rate, for mostly the same loci used
in the present study, is developing around a rate of
0.18%–0.20% per generation (Heyer et al. 1997; Kayser
et al. 2000). The best estimates of the age of the M242
mutation when this method is used appear to center on
the 14,000–15,000-year range. A signiﬁcant drawback
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Table 2
Microsatellite Genotypes for 69 M242-Bearing Chromosomes Identiﬁed in the Populations Listed in Table 1
Sample
IDa POPULATION
NO. OF REPEATS IN
DYS425 DYS426 DYS388 DYS389I DYS389B DYS434 DYS437 DYS435 DYS436 DYS390 DYS391 DYS392 DYS393 DYS19 DYS439 DYS438
Ar41 Arab (Bukhara) 14 12 12 12 16 9 9 11 12 22 10 15 13 14 11 11
Tat32 Crimean Tatar 10 12 12 12 16 9 8 11 12 21 10 15 13 13 11 11
Tat36 Crimean Tatar 12 12 12 12 16 9 9 11 12 19 11 13 12 14 14 10
Du46 Dungan 12 12 12 12 16 9 9 11 13 23 10 15 13 13 12 11
Du40 Dungan 12 12 12 12 16 … 8 11 13 23 6 14 15 14 11 12
Du71 Dungan 12 12 12 12 16 … 8 11 13 24 6 14 13 13 11 10
Esf29 Esfahan 13 12 12 11 16 … 8 10 12 22 10 15 13 13 11 11
16Sm Iranian (Samarkand) 12 12 12 12 16 9 8 11 12 23 11 16 13 15 13 11
Kz53 Kazak 12 12 12 11 17 9 7 11 12 23 10 14 13 13 13 12
Kz138 Kazak 12 12 12 11 18 10 7 11 12 23 11 15 13 13 14 11
Kz54 Kazak 12 11 12 11 17 9 8 11 12 22 10 14 14 13 12 11
Kor35 Korean 11 12 12 12 16 … 9 11 13 25 10 15 13 13 12 11
Kg63 Kyrgyz 12 12 12 12 17 9 8 12 12 23 10 14 14 13 11 11
Pam35 Pamiri 12 12 12 11 17 9 8 12 12 25 10 14 13 14 13 11
Pam66 Pamiri 10 12 12 11 16 9 9 11 12 22 11 15 12 13 11 11
Kuz97 Pamiri 12 12 12 12 19 9 7 11 12 23 10 14 12 13 13 11
Pam40 Pamiri 14 12 12 11 18 9 9 11 12 25 9 13 13 13 12 11
Pam75 Pamiri 10 12 12 9 16 … 9 11 12 22 11 15 12 13 11 11
Pam52 Pamiri 12 11 12 12 17 9 8 11 12 23 10 12 13 14 12 11
Pam84 Pamiri 12 12 12 12 19 9 9 11 12 25 10 13 13 13 12 10
Pam60 Pamiri 12 12 12 11 17 9 8 12 12 25 10 14 13 14 13 11
Pam109 Pamiri 12 12 12 11 18 9 9 11 12 24 10 13 13 13 12 11
Pam69 Pamiri 12 12 12 11 16 9 9 11 12 22 11 15 12 13 11 11
PamlO2 Pamiri 12 12 12 11 17 9 9 11 12 22 11 13 13 14 12 10
Pam104 Pamiri 13 12 12 11 16 9 9 11 12 22 11 15 12 13 11 11
Pam105 Pamiri 13 12 12 11 16 9 9 11 12 22 11 15 12 13 11 11
Rt7 Russian (Tashkent) 12 12 12 11 17 9 8 11 12 25 11 11 13 16 10 11
Rt8 Russian (Tashkent) 12 12 12 11 17 9 8 11 12 25 10 11 13 16 10 11
Rt10 Russian (Tashkent) 12 12 12 11 16 9 8 11 12 25 10 11 14 15 12 11
Rt42 Russian (Tashkent) 12 12 12 11 17 9 8 11 12 25 11 11 13 15 12 11
SR23 Sinte Romani 12 11 12 12 16 … 8 11 12 23 10 15 14 13 11 11
Td1 Tajik 12 12 12 11 15 9 8 11 12 22 10 16 12 13 12 11
Td36 Tajik 12 12 12 11 15 9 8 11 12 23 10 16 12 13 12 11
Tu22 Turkmen 12 12 12 11 15 9 8 11 12 23 10 16 13 13 13 11
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Table 3
Estimated Ages of M242 for a Range of Male Generation Times, Y-Chromosome Microsatellite
Mutation Rates, and Effective Population Sizes, Calculated Using the Method of Su et al.
(1999)
MUTATION
RATE
ESTIMATED AGE
(years)
N p 1,111e N p 1,500e N p 3,000e N p 10,000e
gp 25 gp 35 gp 25 gp 35 gp 25 gp 35 gp 25 gp 35
.10% 20,975 29,365 18,700 26,180 16,375 22,925 15,175 21,245
.18% 9,675 13,545 9,225 12,915 8,650 12,110 8,300 11,620
.20% 8,550 11,970 8,175 11,445 7,750 10,850 7,450 10,430
.30% 5,400 7,560 5,250 7,350 5075 7,105 4,950 6,930
Table 4
Estimated Age of M242 for a Range of Male Generation Times
and Y-Chromosome Microsatellite Mutation Rates, Calculated
Using the Method of Stumpf and Goldstein (2001)
Mutation
Rate
Estimated
Age
(generations)
Estimated Age  SD
when gp 25
(years)
Estimated Age
when gp 35
(years)
.10% 1,068 26,700  3,075 37,380
.18% 593 14,825  1,708 20,755
.20% 534 13,350  1,537 18,690
.30% 356 8,900  1,025 12,460
of this method is its lack of a clear approach for cal-
culating standard errors.
Although this method is now well established for a
range of demographic scenarios, we wanted to compare
these estimates with those from an entirely different
method—one that is insensitive to assumptions of Ne
and population growth rate (Stumpf and Goldstein
2001). This approach relies on an inference of the an-
cestral microsatellite haplotype, which we identiﬁed as
the haplotype with the most frequent allele at each locus.
Again using a mutation rate of 0.18% per generation,
we estimate the age of the M242 mutation to be 15,000
years BP, averaged over each of the 15 loci (table 4).
The SD for this average estimate is only 1,700 years,
which deﬁnitively precludes an arrival time of 30,000
years BP. Table 4 shows the results obtained when a
variety of mutation rates and generation times are used,
and here, too, our best estimate of the mutation’s age
is ∼18,000 years BP. This establishes a fairly solid upper
bound on the time of ﬁrst entry into the Americas that
seems to preclude a time of entry 120,000 years BP, and
our best guess would be closer to 15,000–18,000 years
BP. Since our estimate derives solely from the ancestral
Asian populations, it is unaffected by changes of diver-
sity occurring after European conquest of the Americas.
Even demographic changes that occurred in central Asia
and Siberia after Russians established greater sway in
the region are likely to have had a minor effect, because
we have sampled haplotype diversity over such a huge
geographic area. Furthermore, microsatellite diversityon
the M242-bearing haplotype in several Native American
populations (Bortolini et al. 2003 [in this issue]) is nearly
the same as in our Asian sample, substantiating our re-
sult and suggesting that the M242-T haplotype entered
the Americas very soon after it arose.
This discovery, which indicates a rather more recent
entry into the Americas than suggested by previous ge-
netic studies (Cavalli-Sforza et al. 1994; Torroni et al.
1994), places the DNA evidence more in line with
archeological data, which is characterized by a clear
dearth of sites credibly dated beyond 14,000 years BP.
Our results do not contradict earlier studies of mtDNA
(Torroni et al. 1994) and the autosomes (Cavalli-Sforza
et al. 1994), whose standard errors were large and
whose authors noted several reasons to expect their
dates to overestimate the timing of the ﬁrst human ar-
rivals to the Americas. In addition, a more recent time
of entry into the continent makes the proposal of the
Amerind language family more plausible; or, con-
versely—given the rapidity of linguistic change—the
existence of a uniﬁed Amerind family would itself imply
a fairly recent settling of the Americas, as we have
suggested here.
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